Heritabilities of dorsal spine number in Apeltes quadracus are estimated for four widely separated sites in New Brunswick, Canada. The additive genetic variance is high with values ranging from 047 0049 to 080 0128; average heritability for the four sites is 061 0068. The sexes do not differ for estimates. Directional selection over three generations shows a rapid response suggesting that few loci are involved and that stabilizing selection acts on natural populations.
INTRODUCTION
The fourspine stickleback (Apeltes quadracus) is well suited to studies in ecological genetics (Blouw and Hagen, 1981; Blouw, 1982) . This small fish is conspicuously polymorphic for the number of dorsal spines ( fig. 1) four and fivespined morphs occur at highest frequencies in almost all localities, and although spine number varies from two to seven these extremes are very rare (Blouw and Hagen, 1981; Blouw, 1982) . The adaptive significance of this polymorphism is the subject of our research and like all studies in ecological genetics we require information on its mode of inheritance. The subject of this paper is to give estimates of heritability for dorsal spines from four widely separated populations in New Brunswick, and to report some limited results for directional selection for increased and decreased spine number over three generations.
MATERIALS AND METHODS
Apeltes is found throughout the Maritime Provinces of Canada and is most common in brackish water along the coast, but occasionally it occurs 275 in fresh or salt water. As mentioned, the four and fivespined morphs usually occur at highest frequencies but populations are frequently polymorphic with threes and sixes as well. Details of the distribution, ecology, and polymorphism are given in Blouw and Hagen (1981) and Blouw (1982) .
The four estimates of heritability are based on 13 families each from French Fort Cove, Daigle Inlet and Richibucto River, and 22 families from Big Cove for a total of 61 families. Three sites are brackish water and one (French Fort Cove) is fresh water. Stocks for parents were collected with a net from the four sites in June when large numbers of mature adults are available, and were transported to the laboratory in styrofoam containers. Crosses were made within 48 hours after arrival. Eggs of mature females were deposited into a small petri dish (25 mm) containing a few drops of water by gently pressing her abdomen. The testes of a male were immediately removed from a slit in the coelom, placed in the dish, and chopped with forceps to release sperm over the eggs.
Families were reared as uniformly as possible in separate aquaria (681) containing brackish water (5 4. Each clutch was placed in a small nylon net above a vigorously bubbling airstone and the tank was cleansed by charcoal filter (Dynafiow magnetic). Photoperiod was held at 14 hours daylight per day using Duro-Test, Vita-Lite tubes (natural daylight spectrum) suspended 2 m above the aquaria. Temperature was held at 18°C± 05 with a thermostat control system built into the laboratory; this temperature was chosen because it approximates temperatures at nest sites in the field (n = 42), and the same rationale applies to the salinity we chose. When the fry hatched they were counted and released into the tanks. They were fed crushed infusoria tablets for three days, and thereafter were fed nauplii of live brine shrimp twice daily to maturity. With this procedure mortality was nil in all clutches.
We also applied directional selection over three generations for decreased and increased spine number. The laboratory methods were as given above with the following exceptions. When the offspring in each generation were two months old the photoperiod was decreased from 14 hours to 8 hours daylight per day and temperature was decreased to 8°C (simulating winter conditions). After seven weeks, daylight and temperature were again set to 14 hours and 18°C (simulating summer conditions). This manipulation of temperature and photoperiod is necessary to bring offspring into sexual maturity (Baggerman, 1957) .
Counts of dorsal spines were made at sexual maturity which corresponds to an age of about four months in the laboratory. Methods for counting spines follow Blouw and Hagen (1981) and the observational error is negligible (<1 per cent).
ANALYSIS AND DISCUSSION
Consider the four parental populations; the distributions and means of dorsal spines for the two sexes are shown in table 1. As is almost always the case (Blouw and Hagen, 1981) , here too the sexes are homogeneous for spine number.
The basic data for parents and offspring are given in table 2. We are unable to fit the data to any simple model of Mendelian inheritance with alleles at one or two loci. Thus we assume the trait is polygenically controlled and have used the methods of quantitative genetics (Falconer, 1981) . We are dealing with a meristic trait where parents and offspring may have either three, four, five or six spines. To our knowledge threshold models (Falconer, 1981) have not been used to estimate heritability for polychotomous traits. Thus we have employed the regression of offspring on mid-parent to estimate heritability in the "narrow" sense (additive genetic variance). Several points should be raised before discussing the heritabilities. First, the regression of offspring on mid-parent is valid only if the variances are equal between sexes, which they are for both the parental populations ( (table 2) . This will not affect the heritability estimate and has the advantage of decreasing the sampling error of the regression (Falconer, 1981) . Third, the problem of unequal family size arises. Methods of weighting families are discussed by Reeve (1955) and all have certain difficulties; with our data the average clutch size is 21 and there is little variation (table 2) so we give equal weight to all families.
Heritability in the "narrow" sense is defined as the ratio of the additive genetic variance to the total phenotypic variance. For regression of offspring on mid-parent the heritability (h2) is estimated from the regression coefficient (b in table 3). Regression coefficients for male and female offspring on mid-parent for the four populations do not differ significantly (both regression coefficients fall within the two confidence limits; table 3). Since sexes do not differ they are combined to obtain heritabilities for each of the four populations (table 4) . Heritabilities for dorsal spines vary from a low of h2=047±0049 at Big Cove to a high of h2=08±0128 at Richibucto River. All slopes differ significantly from zero. Following Rutledge et a!., (1973) we can obtain an average heritability and standard error from the estimates for the four populations (table 4) . This gives h2 = 0.61 0068. That is, if we randomly sample populations in this geographic region, we expect the average heritability for dorsal spines to be 61 per cent, and 95 per cent of the populations should fall in the range of heritabilities from 40 per cent to 83 per cent.
We would like to know if there are maternal effects for dorsal spines, and in principle could evaluate this by regressing offspring on the male and on the female parent and testing for differences in slopes. This is not possible with our data because almost all the parents within crosses have the same phenotypic values (positive assortative matings; see table 2).
We also applied directional selection over three generations for decreased and increased spine number. The original parents come from Big Cove (table 1) . We applied selection for decreased and increased spine number to two lines (families). In the second generation crosses were made between rather than within families to minimize the effects of inbreeding. Results for the two lines are combined as they are similar. With only three generations we obtained a remarkable response to selection (table 5); mean (Falconer, 1981) we have an asymmetrical response with selection for increased spine number being more successful than that for decreased spines. In the lines selected for increased spine number 42 per cent of the offspring had seven spines whereas in natural populations this morph is nonexistent at most localities and never exceeds a frequency of 2•1 per cent. With only three generations and small samples, estimates of heritability from the directional selection are not worthwhile, but with the rapid response to selection two important implications follow: (a) dorsal spine number is largely controlled by high frequency alleles at relatively few loci (Wright, 1969) .
(b) almost all natural populations are polymorphic with high frequencies of four and fivespined morphs, yet we have selected for lines with means of 4•26 and 6•43 and high frequencies of sevens over only three generations. This implies that stabilizing selection acts on dorsal spine variation in natural populations.
The estimates of heritability for four widely separated populations are very high; clearly there is a large store of additive genetic variance available for selection in natural populations, and this is independently verified by our limited data for directional selection. Krueger (1961) found a negative correlation between frequency of the fivespined morph and environmental salinity, and he suggested that spine number may be solely a result of the salinity to which the offspring are exposed. However, the correlation was based on few, small samples and indeed the correlation does not hold in general (Blouw, 1982) . The relevant point here is that spine number has a very high heritable component, and although salinity may influence spine number there is no evidence for this.
